O ccupational health nurses often lead or serve as key team participants in safety programs focusing on the primary prevention of occupational injuries and illnesses. The initial step in developing these programs must be the recognition of existing worksite hazards and the identification of potential hazards (Hau, 1997) . Job hazard analysis (JHA), alternately referred to as job safety analysis, is a traditional safety tool that has been reconsidered and modified to meet current business challenges (Geronsin, 2001) . Manuele (2000) recommends that, in the current business climate, safety practitioners expand long. established job safety analysis into a task analysis system incorporating ergonomics, productivity, cost efficiency, and quality. Furthermore, the Occupational Safety and Health Administration (OSHA) recommends conducting a JHA for each job in the workplace and making it available to employees (U.S. Department of Labor, 1998) .
Job hazard analysis is the process of carefully studying each step of a job to identify actual and potential hazards with the goal of determining the best way to eliminate or reduce those hazards (Daugherty, 1999) . Hazards may have been overlooked in facility layout and design Of machinery, equipment, or processes; they may have developed after production started; or they may be a result of changes in work procedures or personnel ABOUT THE AUTHOR Ms. Morris is safety and health consultant, Grand Rapids, MI. Dr. Wachs is Professor, East Tennessee State University, Johnson City, TN.
APRil2003, VOL. 51, NO.4 (Hagan, 2001) . The analysis is conducted by breaking a job down into tasks or activities, identifying the hazards of each task, and developing safe job procedures.
The potential benefits of JHA include (Hagan, 2(01) : • Reducing the frequency and severity of injuries. • Providing information to develop effective training programs. • Instructing new workers or giving pre-job instructions for nonroutine tasks. • Preparing for planned safety observations. • Reviewing job procedures when incidents occur. • Studyingjobs for possible improvement in job methods.
A JHA may also serve as a tool for ergonomic studies (Hall, 1992) and for developing standard operating procedures (Zahlis, 1998) . It may provide the basis for developing job descriptions and for determining the physical and mental requirements of the job to assess candidates with disabilities and identify potential job accommodations (Hau, 1997; Zahlis, 1998) .
The OSHA's Voluntary Protection Program (VPP) guidelines encourage the use of JHAs. The documentation of worksite analysis in the VPP application requires the participating organization to include procedures or guidance techniques for conducting JHA. The participants are also asked how the results will be used in planning and implementing hazard correction and control (U.S. Department of Labor, 1996) . the individuals performing JHAs. Workplace hazards are commonly classified as chemical, biological, physical, psychosocial, and mechanical (Hayes, 1997) .
Chemical Hazards. Chemical hazards may have toxic or irritant effects on workers. They may also present fire or explosion risks. Hazard refers to the probability that a substance in a particular situation will cause harm, Therefore, while toxicity remains constant, the degree of hazard is controllable (Bird, 1996) . Hazards related to various forms of the chemicals used during the JHA should be reviewed using the facility's chemical inventory, Material Safety Data Sheets, threshold limit values, consensus exposure guidelines, and exposure monitoring results. It is important to know the chemical form (i.e., solid, liquid, gas, vapor, aerosol, dust) and also to assess any combinations of chemicals and their expected byproducts. Chemicals used for infrequent or nonroutine job tasks, as well as storage and disposal pathways, should also be included.
Biological Hazards. Biological hazards include bacte-.ria, viruses, fungi, mold, or parasites. They may cause acute or chronic infectious diseases through direct contact with infected individuals and animals or by contact with contaminated body fluids or contaminated objects (Rogers, 1994) .
Physical Hazards. Physical hazards include radiation, noise, electrical energy, temperature extremes, magnetic fields, lasers, microwaves, and vibration (Hayes, 1997) . Analyzing risks to the worker related to these hazards often requires actual and potential exposure assessments.
Psychosocial Hazards. Psychosocial hazards are related to the nature, requirements, and content of the job, the culture of the organization, and management style (Hayes, 1997) . With the exception of length of work shift and repetitiveness of activities, these hazards are not usually identified during the JHA. It has been suggested that the JHA process may improve the psychosocial aspects of the job by providing more effective training, worker involvement, communication, job safety, and productivity enhancements (Schwartz, 2001) .
Mechanical Hazards. From an occupational health aspect, mechanical hazards are defined as those that may cause stress on the musculoskeletal or other body systems. These ergonomically related hazards might be acute or chronic (Hayes, 1997) and include repetition, forceful exertions, fixed or awkward postures, vibration, cold temperatures, and inadequate lighting. From a safety standpoint, mechanical hazards also result in traumatic injuries as a result of the worker striking against, being struck by, or making harmful contact with an object; beingcaught in or between objects; and slipping, tripping, or falling.
E",bll,hlng P,'o,/IIII
In a JHA program, the term "job" represents a sequence of activities that accomplish a work goal, rather than an occupation or general classification. For example, the jobs of a forklift operator may include stacking product, changing a battery, and unloading a trailer 188 (Schwartz, 2001) . A machine operator may operate many different pieces of machinery and equipment, some of which may be essentially the same and others markedly different. Factors that should be considered when determining which jobs to analyze first include (Hagan, 2001; Manuele. 2000; U.S. Department of Labor, 2002) : • Accident frequency and severity-first analyze jobs with the highest rates of injury and every job that has resulted in a disabling injury. • Severity potential-the next priority should be jobs with the potential for severe injuries or where close calls or near misses have occurred.
• Jobs in which one simple human error could lead to an accident or injury.
• New jobs or jobs where changes have been made in processes or procedures should be prioritized next because the full potential for injuries may not have been examined.
• Jobs complex enough to require written instructions and hazardous nonroutine tasks.
During job prioritization, it may be appropriate to complete the first step of the JHA process, the job list, or task inventory. Traditional approaches to analysis recommend the inventory include all occupations and all tasks within each occupation. However, most organizations realize practical problems exist with this approach because of the huge number of tasks that would need to be analyzed and kept current (Bird, t996). Manuele (2000) also notes this would be a daunting task, and one that few "lean" organizations could achieve, suggesting the prioritization method be used to develop the inventory.
Enlist/nil Support
The current business climate focuses on the effectiveness of individuals in contributing to the organization's goals. Program integration provides opportunities to implement JHA within the current leadership priorities, as well as to avoid duplication of effort and the confusion of multiple procedures (Bird, 1996; Manuele, 2000; Zahlis, 1998) . It is important to assess the organization to identify other initiatives that might be integrated with JHA: • Is the focus on developing the highly standardized series of work activities and work training for lean manufacturing (Spear, 1999) ? . • Has the need for clear safety procedures and job specific safety training been identified within a Six Sigma (philosophy of total quality with elimination of defects and reduction in process variation) initiative (Rancour, 2oo0)?
• Is ergonomic analysis a key priority?
• Is there a need to reassess personal protective equipment requirements or to develop comprehensive job descriptions?
• Is there a focus on quality International Organization for Standardization (ISO) procedures or machine specific lockout procedures?
The opportunities for management support of the JHA process may be greatly enhanced if it is consistent with management goals and, thus, is perceived to have a direct impact on productivity, cost efficiency, quality, and safety (Manuele, 2(00) . Bird (1996) recommends an integrated approach, analyzing work from the perspective of safety, quality, and efficiency at the same time. Thor-APRIL 2003. VOL. 51, NO.4
ough and complete JHA can be completed concurrently with other forms of task analysis. An integrated approach provides many opportunities to engage management support through teamwork and to align the project with the priorities of the business.
OBllgnlng Ihl PrOCBlI
When determining who will perform the JHAs. many companies use a team approach. The involvement of more individuals increases the likelihood that all aspects of the job will be assessed as well as increases support for the process and outcome (Roughton. 1999) . In all instances. the worker should be included in the process (Schwartz. 2001; U.S. Department of Labor. 1998) . First line supervisors are often assigned the task of completing the JHA. Other potential team members may be determined by the scope and integration of the project. They might include the occupational health nurse. safety professional. safety team leader. safety committee member. ergonomist. quality assurance personnel. human resource personnel. and maintenance personnel.
Three common methods of identifying hazards during JHAs are direct observation. videotaping. and discussion (Roughton. 1999) . The traditional method is direct observation of a worker performing the job. and includes discussing observations and potential hazards (Hagan. 200 I) . Videotaping allows repeated viewing of the job tasks to identify hazards and may be more suitable for ergonomic analysis. or for a team process with discussion of the events observed in the video. It may also be used in conjunction with direct observation. In addition, the resulting videotape may be used as a training tool. The discussion method is conducted with the supervisor and employee or employees performing the job. It relies on recall of the job tasks and is subjective. but. because of the expertise of many workers. may result in a more complete identification of potential hazards (Roughton. 1999) .
Other important considerations when planning a program include how the JHAs will be implemented. and how the safe job procedures will be communicated to employees. Developing safe job procedures may require multiple resources to improve tools. materials. equipment. or layout; provide personal protective equipment; enhance training; or administratively reduce exposures (Hagan. 2001) . The scope of the initial program is likely to be limited by the commitment of organizational and budgetary resources. and this is how the prioritization and integration will payoff.
PERFORMING THE JOB HAZARD ANALYSIS
The following three steps are involved in developing the JHA: • Break the job down into successive steps or activities.
• Identify all hazards. existing and potential. • Develop safe job procedures to eliminate or reduce the risk of injury.
B",k Ihl Job Inlo SlIp,
To begin. it is important to select an experienced employee who is willing to share ideas (Hagan. 2(01) . The nurse can begin the JHA by discussing the procedure and its purpose with the employee (Daugherty. 1999 ). Next. it is helpful to invite comments about the perceived hazards and identify all irregular or nonroutine tasks that may occur less frequently. and therefore. may not be observed (e.g.• cleaning. lubricating. unjam-ming equipment). Note the spaces on the JHA form (see Figure 1 ) for the job. department. date. employee. supervisor. observer(s). and the job's frequency and duration.
A common process in this first step includes: • Breaking the job down into basic steps while observing the employee. • Completely describing each step. beginning with an action verb and listing them consecutively in the first column of the JHA form.
• Reviewing the breakdown with the employee to obtain agreement. being certain that preparatory and shutdown tasks have been included.
Two common errors are making the breakdown so detailed an unnecessarily large number of steps are recorded. and making the breakdown so general important hazards are not identified (Hagan. 2(01) .
Idlnt/fy Halards
The second step is identifying all hazards presented at each step in the job and recording these in the second column of the JHA form. This should include the chemical. physical. biological. and mechanical hazards of the job tasks and the surrounding environment. It should include repetitive stressors and machinery or equipment that may enter the immediate work area and affect the worker-such as powered industrial trucks. The basic question to be answered is "Can an injury occur here?" (Hagan. 2(01) . The National Safety Council suggests the more specific questions in the Table be considered to ensure nothing is missed. The observer should also assess any potential environmental effects of the job, such as waste products disposal (Geronsin, 2(01) . This not only facilitates the prevention of environmental impacts and losses. but also may be integrated with the organization's adoption of ISO 14000. Environmental Management System standards (Hersey, 1998 ).
Rlcommlnd Sat, ProcldurB'
Developing solutions to reduce or eliminate hazards incorporates knowledge of control methods and risk assessment and prioritization. An important factor to understand is that resources are always limited. Considering potential productivity and cost efficiency gains and hazard reduction may result in enhanced management support for preferred controls (Hagan. 2001; Manuele. 20(0) . Control methods. in a hierarchical order from most to least preferred for reducing hazards, (Hayes. 1997; Rogers. 1994) are: • Elimination of or substitution of hazardous materials or processes. • Engineering controls. such as isolation. containment. automation, machine guards. and ventilation.
• Work practice controls such as training. safe handling. and good housekeeping.
• Administrative controls such as job rotation. medical removal. work permits, waste disposal procedures. signs and warning labels. and preventive maintenance. • Personal protective equipment. Geronsin (2001) suggests a risk assessment be conducted to determine the most significant risk, and the 
Questions to Incorporate Into Checklist for Identifying Hazards
• Is it possible for a person to come in contact with any moving piece of machine or equipment? • Are rotating equipment, set screws, projecting keys, bolt heads, burrs, or other projections exposed where they can strike ator snag a worker's clothing? • Is it possible to be drawn into the inrunning nip point between two moving parts, such as a belt and sheave, chain and sprocket, pressure rolls, rack and gear, or gear train? • Do machines and equipment have reciprocating movement orany motion where workers can be caught on or between a moving part and afixed object? • Is it possible foraworker's hands orarms to make contact with moving parts atthe point of operation where milling, shaping, punching, shearing, bending, grinding or other work is being done? • Is it possible for material (including chips or dust) to be kicked back or ejected from the point of operation, injuring someone nearby? • Are machine controls safeguarded to prevent unintended or inadvertent operation? • Are machine controls located to provide immediate access inthe event of an emergency? • Do machines vibrate. move, orwalk while in operation? • Is it possible torparts to become loose during operation, injuring operators or others? • Are guards positioned or adjusted to correspond with the permissible openings? • Is it possible for workers to bypass the guard, thereby making it ineffective? • Do machines, equipment, and appurtenances receive regular maintenance and repair? • Are machines placed so operators have sufficient room to safely work with no exposure to aisle traffic? • Isthere sufficient room for maintenance and repair? • Isthere sufficient room to accommodate Incoming and tinished work as well as scrap that may be generated? • Are the materials handling methods adequate forthe work in process and the tooling associated with it? • If tools, jigs, and other work fixtures are required, are they stored conveniently, where they will not Interfere with the work? • Is the work area well illuminated with specific point ot operation lighting where necessary? • Isventilation adequate, particularly forthose operations that create dusts mists, vapors, and gases? • Isthe operator using personal protective equipment? • Is housekeeping satistactory with no debris ortripping hazards orspills on the floor? • Are there places where employees navaaccess to machines (for example, the backside)? • Are energy sources heat controlled for protection? • Are energy sources controlled for maintenance?
. Reprinted with permission from Hagan, P.E., Montgomery, J.F., & O'Reilly, J.T. (Eds.). (2001) . Accident prevention manual forbusiness and Industry: Administration and programs (12th ed., pp. 176-177) . Itasca, IL: National Safety Council.
level of control recommended. Safety professionals recognize all hazards do not present equal potential for harm. and the probability of occurrence for all risks is not equal (Manuele, 1993) . Risk assessment is the process of estimating the probability of an event's occurrence and the severity of the resulting adverse effects. During the planning process, a form of risk assessment should be suggested to identify which jobs to include in the JHA program. The addition of risk assessment to the many potential hazards identified during the observation(s) allows the organization to focus hazard control measures and resources on the areas of most significant risk. Risk APRIL 2003, VOL. 51, NO.4 assessment is often described within a severity/probability matrix (see Figure 2 ). However, risk determinations are subjective and based on the experience of the participants (Manuele, 1993) .
Various authors define these categories quite differently. The estimated property damage may be based on a worst case scenario and include business interruption, downtime, and loss of productivity. Geronsin (2001) gives the following definitions: • Probable: Likely to occur more than once during the life of a system. • Occasional: Likely to occur sometime during the life ofa system. • Remote: Not likely to occur during the system life cycle, but possible.
Sevsrlty of Consequences
• Improbable: Occurrence probability that cannot be distinguished from zero. Geronsin (2001) assesses the potential severity of an occurrence by considering the type of harm to individuals or property, the results of noncompliance, and the public image effects. Using those factors, Geronsin asserts catastrophic might include death or dismemberment, property damage or fines of more than $1 million, permit revocation, or negative publicity. Critical is defined as loss of limb use or function. long term or irreversible illness, property damages between $250,000 and $1 million, lack of regulatory compliance, negative public reaction possible, or regulatory agency notification necessary. The marginal category includes short term and reversible injuries requiring immediate medical attention, property damages between $100,000 and $250,000, likely noncompliance, or neutral public reaction. Negligible includes occurrences with minor or no injury, property damages less than $100,000, nonregulated, or of no public concern. Environmental effects are similarly classified. Just as risk assessments are subjective, each organization should subjectively define the parameters of the catastrophic, critical, marginal, and negligible categories according to its own risk tolerance.
In the example JHA (see Figure 1 ), Aluminum Tubing Saw, several decision points may be identified. The first consideration might include whether an entirely new method of meeting the production need for aluminum tubing is feasible. Could the tubing be cost effectively purchased in the desired length? Could a more automated cutting process be designed, and would this alternative be cost effective? Another important consideration might be the selection of the proper type of work glove and eye protection. These decisions might be influenced by the hazard observation and the organization's injury history.
Ergonomic considerations might be to assess the possibility of a better work layout or the use of a portable scissors lift to hold the pallet of full tote pans. As each potential control measure is considered, the risk associated with the task should be evaluated for reduction to an acceptable level. Once the hazard solutions have been determined and agreed upon, they should be listed in the third column of the JHA form (see Figure 1 ) in very specific terms. The safe procedure should indicate what to do and how to do it safely (Hagan, 2001) .
EFFECTIVE USE OF JOB HAZARD ANALYSES
The completed JHA should be reviewed with all employees currently performing the job. It becomes a training tool for new employees and supervisors as well as for employees assigned to jobs performed infrequently. The JHA also may be an effective tool for conducting an accident investigation when an injury occurs during performance of the job tasks, or for observing workers to assess safety performance. Job hazard analyses may be useful for supervisors in planning and conducting safety meetings. They are helpful documents when determining the essential functions of a job or suggesting job accommodation for disabled workers.
The individual monitoring or leading the JHA program should maintain a master list of completed JHAs and approved copies of each JHA. In larger organizations, maintaining the list online may prevent the wasted time and effort resulting from several groups or individuals working on essentially the same JHA (Schwartz, 2001) . In addition, it is most effective to post either a complete or a summary JHA at the machine whenever possible as an ongoing visual reminder to the worker performing the job. Some companies have included a photo demonstrating the proper job setup and workstation layout, others clearly mark the location for each piece of equipment on the floor of the workplace. It might also be possible to combine the JHA with machine specific lockout procedures for posting at the job, or to include key factors from the completed JHA in the organization's currently posted quality or standard operating procedures.
To maintain an ongoing, sustainable JHA program, a process for review and updating of the documents must also be determined (U.S. Department of Labor, 1998) . Certainly, the document should be reviewed and updated whenever an accident or near miss incident occurs. Bird (1996) recommends review at a stipulated time period based on the criticality of the task, and notes annual
IN SUMMARY
3 Important skills for Individuals performing lob hazard analysis Include hazard recognition, understanding hazard control methods, and risk assessment and prioritization.
2 Occupational health nurses who plan, coordinate, or play key roles as members of the safety and health team may be challenged to design a job hazard analysis program. Important considerations include prioritizing jobs to be analyzed. enlisting management support, designing the process, implementing safe procedures. communicating results, and sustaining the program.
review is commonly specified. Supervisors or safety team members might be assigned to review the documents on a regularly scheduled basis for changes that may have occurred to the tools, job procedures, or process.
SUMMARY
Analyzing the workplace for hazards and controlling the hazards identified to reduce risk is a proactive approach to workplace safety and the primary prevention of occupational illnesses and injuries. A JHA is a simple, time tested, and effective tool to assist in this analysis. Job hazard analysis methods may enhance and complement many current business initiatives. When programs can be integrated to contribute to leadership mandates. there are opportunities for increased support and resources. Involving other departments and disciplines with complementary programs also reduces duplication of effort.
Prioritizing jobs to be analyzed based on risk assessment results in a manageable approach for beginning a program. A team process involving employees, supervisors, and key safety participants is most effective. Successful programs encourage each team member to observe or videotape key jobs, list the job steps. and involve the team in developing hazard reduction solutions and safe job procedures. When effectually used. JHAs have been proven to improve communication and participation. while enhancing worker safety.
1 Implementing a Job Hazard Analysis Program Morris, J.A. AAORN }ournaI2003, 51(4), 187-193 Job hazard analysis is atraditional safety tool being Integrated into current workplace initiatives to improve worker safety by Identifying and eliminating or reducing hazards.
